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Development of CREAMS-PADDY Model for
Simulating Pollutants from Irrigated Paddies
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Abstract

The objective of this study was to develop a modified CREAMS model for paddy field conditions. The
model simulates daily balance of water and nutrient from irrigated paddies using meteorological, irrigation,
and agricultural management data. The model simulates daily evapotranspiration of paddy using Penman
equation and determines daily flooding depth changes. Total nitrogen and phosphorus concentrations within
flooding water, surface runoff, and leaching water from a paddy field also can be simulated.

Parameters of the model were calibrated using observed data of the Agricultural Experiment Station of the
Seoul National University in Suwon Korea. The model was applied for the irrigation period of paddy field
in Gicheon area when 1,234 mm annual rainfall was occurred. The simulated losses of the total nitrogen
and total phosphorous were 11.27 kg/ha and 0.98 kg/ha, respectively. There was a good agreement between
observed and simulated data. It was found that CREAMS-PADDY model was capable of predicting runoff
and nutrient losses from irrigated paddy fields.

Keywords : CREAMS-PADDY, CREAMS, TP, NPS, Paddy
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Fig. 1 Schematic diagram of CREAMS-PADDY meodel development
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1=Urea-Hydrolysis, 2=Ammonia-volatilization, 3=Nitrogen-Immobilization, 4=Runoff, 5=Ammonium Fixation,
6 =Denitrification, 7=Leaching, 8§=Plant Uptake.(Source : IRR], 1979, NITROGEN AND RICE, PP. 175)

Fig. 3 Fate of fertilizer N in irrigated paddy soil
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Table 1 Nutrients balance equations in paddy fields

(Unit : kg/ha)

Layer | Constituent Balance
NN | SOLNH: = SOLNHe; + FERNH: + RAINNH; + IRRINH: - RNIT; - VOLT, -
g DWNH: - RONH; - SEDN;
Oxidized| o, | SOLNO: = SOLNOw + FERNO; + RAINNO; + IRRINO; + RNIT; -
zone ’ DNIT; - DWNO, - RONO
ORG-N | SOLORN; = SOLORN.; + FERORN; + RAINORN; + IRRIORN; - DWORN; - ROOORN;
T-P SOLP; = SOLP.; + FERP; + RAINP; + IRRIP- DWP, - ROP, -SEDP;
NN | AMMO: = AMMO: + FERNH2, + DWNH, + MINEL, +FIXN, - RNITZ -
! UPNH; - UPNH; - PERNH;
Reduced| NOy-N | NOX, = NOXi, + FERNO2 + DWNO; + RNITZ - DNI2% - UPNO: - PERNO:
Zom€ | ORG-N | RORGN: = RORGN: + DWORN; +DECAY: - MINEL: - PERORGN;
T-P PO4, = PO4; + FERP2 + DWP, - UPPO4 - PERP,
FER__ : fertilization, RAIN__ : from rainfall, IRR]__ : from irrigation, DW__ ! infiltration
RO__ : runoff, SED__ : sediment bounded runoff, UP__ : uptake, PER__ : leaching

* Oxidized zone

* Reduced zone

SOLNH : ammonium, SOLNO : nitrate, SOLORN : organic-N, SOLP : phosphorus
RNIT : nitrification, VOLT : volatilization, DNIT : denitrification, FIXN : fixation

AMMO : ammonium, NOX : nitrate, RINIT2 : nitrification, RORGN :organic-N,

PO4 : phosphorus

MINEL : mineralization, DNI2 : denitrification, DECAY : decay, MINEL : mineralizaton,

Table 2 Reaction equations and parameters

Reaction Reaction equation Reference
RNIT=Kn xSOLNH x£,(8 ) xg,(T) Kn : nitrification coefficient
Nitrification 0 : volumetric water content(cm®/cm?®)
(ke/ha/day) .00 )= 0 /0 & if 8 0 8 ¢ : volumetric water content at
& Y =8/ if8 =8 field capacity(cm®/cm?®)
g(T) = 1071 T : soil temperature(C)
VOLT=Da/x XCguXfy(8 )xg,(T)x10
Da : diffusion coefficient(m?®/day)
Volatilization | Ce=10""K X Cyn x : stagnant boundary layer of air(m)
(kg/ha/day) | £,(0)= 6/8, pK :94
2Ty = o T- 1000 8 s : moisture content at saturation
. L. MINEL = Ky X gm(T) X [Con]
Mineralization L . - B}
(kg/ha/day) ) Km : mineralization rate coefficient(day )
ga(T) = 1071"%*

150

g E 58 E A A44d A3E, 2002



HEH - e

(o] ==
_’—-0:1)1\31'—‘,_—-

Reaction Reaction equation

Reference

X g4(T) Xhg(C) X 10
Denitrification | fa(¢ )= 0 0 <8,
(kg/ha/day)
ga(T) = 1.12™%

ha(C) = Cue/ (Ke+Cor)

Cwe=pP % (19.2%Cr-4.99) X SDEPTH

DNT = Vina X 0.INOx/ (Kt +0.1NOx) X £4( )

= [(0 -0 d)/(o 5_0 d)]m 6 d Sa Se s

Vma ¢ potential denitrification amount
Kat @ denitrification coefficient
Cwc @ water extractable organic carbon

content(g/m”)

Ke  : constant
Cie total soil carbon(g/100g soil)
P : bulk density(g/cm®)

UP;=C;xDM;

Plant uptake | UPPO4=UP X (1-RNP)
(kg/ha/day) | Ci=c; x (DMi/TDM)%
DMi=2WU/PWUXYP XK

DM accumulated dry matter production
TDM : total dry matter production

G * N concenturation in the plant

CLCcz © parameter

WU : daily plant water use

PWU : total plant water use

YP : the crop yield potential

K : the ratio of dry matter to crop yield
RNP : N : P ratio(75)

EFUA e FaEo] EA5E Yol gy 7
o] ¥¥ 7Fs3ich.

ERN= ax SED’
SEDN=§,X SEDX ERNX 10 "8+ ervrreircnnenes (5)

%3714, RONH(kg/ha) & =0 2HE9 F&5a}
g Ct F5(mg/L), DWNH(kg/ha)= HF 9
3 &SAgolrt. SEDS  E%H-A%F(kg/ha)olH,
ERNZ EALY] HLT a9 b= AFLE a=74,
b=-0.20]t}.

M. ch&x|T o Atz

¥ ATelME AL =AY E 2
UHEE A% APATE 75 £4A

TP A A2t
g Zeh 7|de dde VA TE

rx oy do g
N

o

Stk AEdigia AFEA kg 19964 4
g 25458 9€¢ 1097kA <F 12097+ EUE
ARE AHEEIo, Z1HATe] A= 2000
59elA 997t 2.7 hadl BNEZA ZUH
g ARE AT

1996 FHAEAe Z9 Ard vE AHFg
718] 146 kg/ha(5€ 24%), £4y] 87 kgha(6
449), A1) 59 kgha(7€ 109)2 A=
o, QIab A2 716 80 kg/ha(6¥ 492 Al
A= QI 2000 71949 A4 FALE 7))
84 kg/ha(54 209), ¥44] 92 kg/ha(69 1Y),
8] 59 kg/ha(7€ 249) 5 % 235 kg/hao] A
HlE o, Qb He= 7INZ 63 kg/ha(5¥
209 0] AHIEQITh A@EAA S AlH|ER A
A HIES A9 W EFAMEFA 110 kg/hadt $
2luet HF ARl 212.8 kg/hakth B2 o]
AHEQoH, QA HgY A9 mEAM|E 70
kg/ha®} vl=et o] AJH|E|SIT)

ot L o
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SR 7)AAFelM olFolglon, 4 9 A
A E4] g2 okl Table 33 2t

199611 AN/ 5t 4971 £ 638 mmE
didel sl AHoz Agon, 6~7H A
Z5o] glod, 53] 6€ 179<& 153.6 mmY %
7 W3t AP § AFEE 446 mmo]L,
INFE 863 mmE FFHAUL 200082 He
L7170 52~949 9L 1,243 mmE F
np7)7k o1% 7, 8€ 7R B¢ AFETFE U3t
ajdel vlste] @& 77 Rtk 50 mm )%
o 497k 93] gon, 100 mm oY FeEE
792249 303.6 mmo E$7F AN = FAL
71 & WS 918 mm, FEBHS 524 mm,

Table 3 Water balance in paddy fields

(Unit : mm)
Rain | Runoff | Infiltration | Irrigation | *ET
Suwon
(1996) 638 446 863 646
Gicheon
(2000) 1,243 | 956 524 918 680

*Estimated Evapotranspiration

3 SR A=

ANPA TN =8 AR HHAE o]YFHE
27t Bue 99 2571 F 13 AFssled,
FETE 94 2302 HHaA o9 gE
of Wis 4 A9 45 Hy Ak

AERE ANES AFANANN FAIGAEH
ugt A4 9 A9 FEE Y. NHATF
=89 Af FHaxY #HE 0.508~6.897
mg/Le] WYZ Fd 1.986 mg/L, YEUole] A
AF 0~1.768 mg/Le] WHZ HHF 0.376 mg/L
olw], A AL 0~4.577 mg/LY B2 FF
0.787 mg/LE Yehgth fEYold Aio] 3¢
FGu|Ql 2 AHE A9 BFAM] 3 FA3] F
fbe %S 7Y Q9 e 0012~
0.160 mg/L9 WZ H#F 0.045 mg/LRoH,
718 F YA og TSP A Fadhe
73S Yepith Table 4= 199633 20009
49 =AY 24559 Fdielth

9 4 AFAGANA < 5 km A 9
g Medigta FgAEASA s 24
oA ok 93 H&ol AX MEH S A9
79 199693 2000419 EUEHH A7) U8
AT I FFae B2 #olE yepid ol 7
$-9] FHo] AFHo7 Ay|For Z WES 5
I Yes ¢ T Uk

#AFY 44 FEE HE 1.091 mg/l, £

Table 4 Observed mean concentration of T-N, T-P in rainfall, irrigation, flooding and runoff water

(Unit : mg/L)
L . Flooding water in
Irrigation Rainfall paddy field Runoff water
T-N T-P T-N T-P T-N T-P T-N T-P
Suwon (1996) - - 2.480 0.100 4,020 0.260 - -
Gicheon(2000) 1.091 0.028 1.090 0.036 1.986 0.045 2.05 0.097
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Table 5 Observed and simulated nutrient concen-
tration in flooding water in paddy field(1996)

Mean concentration
(mg/L) R? |RMSE| E2
Obs. Sim,

T-N 5.15 £.68 092 i 268 | 049
T-P 0.32 0.27 057 1 008 | 039

100

80 - Obs.
3 80 Sim.
B3 70
E 60
'% 50
2 40
S 30
8 20

10 . AN

0 4 et

96/5/15 96/6/14 96/7/14 96/8/13 96/9/12

Time(days)
Fig. 4 Observed and simulated T-N concentration in

flooding water in paddy field(1996)
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s
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Fig. 5 Observed and simulated T-P concentration in
flooding water in paddy field (1996)
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Table 6 Observed and simulated nutrients runoff
load of verification results(2000)

Event mean load
(kg/ha) R* |RMSE| E?
Observed | Simulated
T-N 0.36 0.35 080 | 027 | 051
T-P 0.03 0.03 031 | 006 | 030

100

Simulated concentration{mg/L)

Observed concentration(mg/L)

Fig. 6 Verification results of T-N concentration in
paddy water (2000)
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Simulated concentration(mg/L)
o

0.01 v v . fo
001 01 1

Observed concentration{(mg/L)

Fig. 7 Verification results of T-P concentration in
paddy water (2000)
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Fig. 8 Verification results of T-N runoff loading in
outflow water (2000)

001 |
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0.001 Sl * :
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Observed load(kg/ha)
Fig. 9 Verification results of T-P runoff loading in
outflow water (2000)
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